INTRODUCTION
The III-V group of nitrides have attracted due to their potential applications in the fields of optoelectronic such as wide band gap, light sources, super hardness properties, uses at high temperature and pressure, high density data storage capacity and high power conversion efficiency [1] [2] . The hardest natural materials we have ever known as diamond. Cubic boron nitride (cBN) is a second promising hardest material that contains many important physical and chemical properties in high temperature-pressure range after diamond. cBN has been utilized in many industrial applications as cutting tools and abrasives [3] . The binary compound cBN and cGaN crystallizes in a zinc blend structure which closely resembles that of diamond, each atom being tetragonally linked to four neighboring boron or nitrogen atoms by strong covalent bonds. Charge accumulates strongly between the atoms due to the strong interatomic interaction of s and p orbital's. Moreover, because of its wide band gap and good thermal conductivity, cBN and cGaN also has the potential application for the high-temperature, high-power electronic applications and utilized from visible spectrum to the ultraviolet spectrum by varying its wide bandgap [4] [5] . These two are also very prominent binary compounds for extreme condition as high pressure-temperature. Therefore, experimental and theoretical investigations are of a great interest to physicists and researchers community. Earlier work [6] [7] [8] explored more information with improved accuracy about the characteristics of cBN and cGaN. It was found that cBN and cGaN were thermodynamically stable at ambient environment but still the structural phase and its thermodynamic stability of cBN and cGaN under high temperature -pressure remain uncertain.
In the present work, we investigate the heat capacity at high PT of cBN and cGaN by using a firstprinciples plane wave method in the frame of quasi-harmonic approximation with local density approximation (LDA). We have also calculated the elastic constants from which other thermal and mechanical properties like Debye temperature (ϴ D ) and bulk modulus (B 0 ) have been calculated. We have also proposed a mathematical model for calculation of heat capacity approximating that Debye temperature is varying with temperature. The results obtained are in good agreement with the available experimental results and other reported theoretical methods.
II. COMPUTATIONAL METHODS
First principles total energy calculations were performed using quantum-espresso code [9] . The interaction between ions and valence electrons were described by the USPP method [10] for the both binary semiconductor. The exchange and correlation effects were treated by the local density approximation of Perdew and Zunger [11] . The k mesh was sampled according to a Monkhorst-Pack scheme as 4 4 4 with a spacing of 0.5 / Å [12] respectively. The valence electrons are taken as 3, 13 and 5 respectively for B, Ga and N. The 3d 10 electrons have taken in valence because to see the non localized effect of d shell in Ga atom. The energy cutoff in the plane wave expansion was 65Ry and cutoff for charge density was 720 Ry for the both cBN and cGaN. Convergence of relative energies with respect to the k mesh and energy cutoff was found to be better than 1 meV/atom. The cutoff of plane wave expansion is taken as high due to hard pseudo-potential of N atom. The equation of states (EOS) is used to determine equilibrium lattice parameter for cBN and cGaN. Debye temperature and heat capacity at equilibrium lattice parameter have calculated in the frame of quasi-harmonic approximation (QHA) by fitting the thermal EOS.
III. RESULTS AND DISCUSSION

Structural properties
To calculate the structural properties we take the local density approximation (LDA) pseudo-potential for the cBN and cGaN in zinc-blend structure. The graph between total energy verses lattice parameter are plotted for cBN and cGaN in Figure 1 . The calculated equilibrium lattice parameters are 3.582Å and 4.467Å for cBN and cGaN respectively from Figure 1 . The calculated equilibrium lattice parameters are underestimated due to inherent property of LDA. The obtained equilibrium lattice parameter results are compared with available experimental and reported data given in Table 1 . The lattice parameter in terms of volume verses pressure is calculated for two different ambient temperatures 0K and 1500K for cBN and cGaN shown in Figure 2 . Figure 2 is showing that at higher pressure volumes are very less deviates from each other regardless of any temperatures range for the case of cBN but shows much deviation for cGaN as the pressure increased also the temperature will play a major role in variation of volumes verses temperature. The general behavior of volume verses pressure is decreasing in nature as pressure increased also shown in Figure 2 . We have also calculated the volume variations with respect to wide temperature range at two different extreme pressures (0GPa, 150GPa) for cBN and (0GPa, 50GPa) for cGaN. From the obtained results, it is observed that volume varies with respect to temperature significantly at low pressure but very less varying at higher pressure which is true for both cBN and cGaN. The simulated results have been shown in Figure 3 .
Debye temperature (ϴ D ) calculation using Elastic constants
The Debye temperature can be calculated using Elastic constants [13] whereas elastic constants are calculated at equilibrium (P=0, T=0) lattice parameter for cBN and cGaN. The stiffness constants are defined as (1) where U=E total /V 0 is the total energy per unit volume. σ αβ and ε αβ (α, β = x,y,z) are the components of the stress and strain tensors respectively. Due to the symmetry of cubic crystals, the stiffness constants using Voigt indices' are C 11 , C 12 and C 44 [14] . For the calculation of the stiffness constant, we used the periodic DFT method to calculate the energies of cBN and cGaN crystals for the applied strain. We applied three independent strains 0, ±0.015, ±0.010, ±0.005 and fitted the stiffness constants to the energy-strain relation , and for the calculation of C 11 , C 12 and C 44 respectively. The Total energy E total (ε) were fitted to polynomial equation E total (ε) = V 0 U(ε) = A 0 + A 1 ε +A 2 ε 2 + A 3 ε 3 (2) where A 0 , A 1 , A 2 and A 3 are the fitting parameters. A 1 corrects inaccuracies in the variable cell optimization and A 3 corrects for anharmonic terms [15] . The 3rd term A 2 is the important for calculation of stiffness constants which is related by A 2 /V 0 is equal to C 11 /2 for strain ε xx , (C 11 +C 12 ) for strain ε xx = ε yy and 2C 44 for strain ε yz . The calculated stiffness constants are given in Table 1 The bulk modulus B and Poisson ratio ν of a polycrystalline material is estimated from the single crystal elastic constants by the Voigt-Reuss-Hill (VRH) approximation [16] .
Ө D and k(ν) can be given in more usable format in terms of atomic weight M and Poisson ratio ν as: 
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In this expression, r 0 is the equilibrium Wigner-Seitz radius, which is defined by 4πr 0 3 /3=V/N=M/ρ. Where V is the equilibrium volume, N is the number of atoms per unit cell.The Debye temperature (Ө D ) obtained from the elastic constants using Eq. (7) are compared with the calculated value of Ө D in frame of quasi-harmonic approximation (QHA) at equilibrium (T=0, P=0) are given in Table 1 and also compared with the available experimental value which are in good agreement with some allowable error. The Debye temperatures vary between 1540 K (expanded BN) and 1740 K (compressed BN) for cBN [17] and 867 for cGaN [26] . These calculated values are deviated from the experimental values of due to error in bulk modulus which is varying from 2% to 10% from their experimental value.
Debye temperature (ϴD) variation with temperature and heat capacity in quasi-harmonic approximation (QHA)
Quantum mechanical effects are very important in understanding the thermodynamic properties below the Debye temperature. The Debye temperature variation with respect to temperature below its melting temperature is also shown in Figure 4 at the equilibrium (T=0, P=0) lattice constant for cBN and cGaN in quasiharmonic approximation. Heat capacity at constant volume C V can be calculated directly from the phonon DOS under the harmonic approximation. Heat capacity at constant volume under the Debye approximation is expressed as (8) where W(hν/k B T) is weighting factor and again Eq. (8) can be rewritten as (9) where g(ν) is phonon density of states (PDOS).
We have plotted the calculated total phonon DOS (PDOS) and each elemental phonon DOS in Figure 5 for cBN and in Figure 6 for cGaN at 0 K using the static equilibrium geometry obtained from the first principles. There some important observations from Figure 5 and Figure 6 are as follows: From Figure 5 , Below 800 cm -1 frequency, equal contributions from atom B and atom N are observed in total phonon DOS of cBN and above 800 cm -1 frequency, B atom contributions is much larger compare to N atom in total phonon DOS of cBN. Two gaps are shown in Figure 6 around the frequency 350cm -1 to 530 cm -1 and 675cm -1 . Below 350cm -1 , the total phonon DOS are mixed vibrations of atom Ga and atom N mainly dominated by Ga atom. Above 530cm -1 , the total phonon DOS is mainly originated from the N atom vibrations and very small vibrations are originated from the Ga atom. The difference between C P and C V was given by a relationship C P -C V =VTβ 2 B 0 . V, T, β and B 0 are molar volume, absolute temperature, volume thermal expansion coefficient and isothermal bulk modulus respectively. At T = 0 K, the difference between the constant pressure heat capacity C P and the constant volume heat capacity C V is almost zero, but the difference increases almost linearly with the temperature T. The molar heat capacity at constant pressure is shown in Figure 7 at two extreme different pressure 0GPa and 150GPa for cBN, 0GPa and 50GPa for cGaN. As the pressure increases, the heat capacity does not deviate much from the Dulong-Petit limit. At high temperature, heat capacity will become constants due to constant value is obtained for the Debye temperature as shown in Figure 4 and if the temperature increase, the heat capacity at constant pressure C P increases almost linearly with temperature. For higher temperatures, the anharmonic approximations of the Debye model is used here in which the anharmonic effect on C V is suppressed, and C V is very close to the Dulong-Petit limit to 3R, where R (8.3144621 J/mol.K) represents the molar gas constant. It is more informative to plot the heat capacity data(C P ) C P /T 3 vs. temperature as shown in Figure 8 and according to the Debye T
IV. CONCLUSIONS
In summary, we have performed first-principles calculations for cBN and cGaN, including the equilibrium lattice parameters, volume variations at extreme conditions, Debye temperature variation with temperature, elastic constants, Debye temperature using elastic constant, total phonon DOS with phonon DOS of individual elements of cBN and cGaN and heat capacity. All the obtained results are well consistent with the previous experimental and reported results from others workers. 
